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The objective of this work was promote oxidation of b-glucan from oat bran with hydrogen peroxide at
different concentration levels (0.3%, 0.6% and 0.9% H2O2) and reaction times (30 and 60 min), and evalu-
ate the physicochemical and functional properties of isedoxidised b-glucan with in-vitro tests. An
increase in carbonyl and carboxyl groups and alterations in swelling power were veriﬁed in the oxidised
b-glucan. The cholic acid binding capacity increased in the oxidised b-glucan; however, the fat binding
capacity was not affected. After chemical digestion, the available glucose of the oxidised b-glucan was
increased. Oxidation with hydrogen peroxide decreased the viscosity, hardness, adhesiveness and gum-
miness of the b-glucan gels. More studies are necessary to determine the effect of the oxidative treatment
of b-glucan on its technological properties in food products, and biological properties should be examined
with in-vivo studies.
 2011 Elsevier Ltd. Open access under the Elsevier OA license. 1. Introduction
b-Glucan is a polysaccharide, composed of D-glucose with b-1,3
and b-1,4 linkages, with b-1,4 having the most glycosidic linkages
(70%). b-Glucan is classiﬁed as soluble ﬁbre and can be obtained
from oat and barley cereals. The health effects of b-glucan are
well-documented; this soluble ﬁbre decreases the risk of such
chronic diseases as Type 2 diabetes and cardiovascular disease,
by reducing postprandial blood glucose, blood cholesterol levels
and antiatherogenic activity (Delaney et al., 2003; Wood, 2007).
The United States Food and Drug Administration (FDA, 2006),
recommends the consumption of at least 3 g of b-glucan from oat
or barley daily, together with a diet low in cholesterol and satu-
rated fat, to reduce the risk of developing cardiovascular disease.
Therefore, there is great interest in developing new functional food
products containing b-glucan, such as breads, cookies, soups
(Cleary, Andersson, & Brennan, 2007; Lyly et al., 2004) and fat sub-
stitutes for use in low-fat foods (Piñero et al., 2008; Volikakis, Bili-
aderis, Vamvakas, & Zerﬁridis, 2004). Before b-glucan can be
introduced into food products, brans and concentrates containing
approximately 8–30% b-glucan or isolates containing up to 95%
b-glucan (Lazaridou & Biliaderis, 2007) must be produced..
r (F.A. de Moura).
sevier OA license. Recent research has shown that effectiveness of b-glucan is re-
lated to the extraction process, and such factors as dose, molecular
weight, structure and viscosity (Brennan & Cleary, 2005; Wood,
2007). As shown by Lazaridou and Biliaderis (2007), b-glucan func-
tionality is related to its physicochemical properties, such as swell-
ing power, gel formation and binding properties.
Drozdowski et al. (2010) found that b-glucan extracts inhibited
the in-vitro intestinal uptake of long-chain fatty acids and choles-
terol and down-regulated genes involved in lipogenesis and lipid
transport in rats. When Hooda, Matte, Vasanthan, and Zijlstra
(2010) treated pigs with diets containing 6% b-glucan, the peak
net glucose ﬂux and insulin production were reduced. Breads en-
riched with b-glucan have been administered as nutritional ther-
apy for patients with Type 2 diabetes; the treatment was found
to improve the patients’ lipid proﬁle and increase their insulin
resistance (Liatis et al., 2009).
Several researchers have studied the alterations in the molecu-
lar weight and structure of b-glucan modiﬁed by enzymatic treat-
ment (Johansson et al., 2006; Tosh, Wood, Wang, & Weisz, 2004).
Oxidation is a type of chemical modiﬁcation that alters the charac-
teristics and functional properties of polymers. Hydrogen peroxide
and sodium hypochlorite are the most commonly used chemical
reagents (Kuakpetoon & Wang, 2008; Tolvanen, Mäki-Arvela, Soro-
kin, Salmi, & Murzin, 2009). Oxidative treatment is frequently used
in polymers, such as starch, alginate and chitosan, and the oxida-
tion of these polysaccharides promote the formation of carbonyl
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the molecule. This process can cause depolymerisation of the mol-
ecules and modify their functional properties (Li et al., 2010; Tian,
Liu, Hu, & Zhao, 2004; Wang & Wang, 2003). The oxidation of
starch with hydrogen peroxide reduces viscosity and improves
paste clarity and stability at low temperatures (Singh, Kaur, &
McCarthy, 2007). Oxidising chitosan from shrimp shells with so-
dium hypochlorite promoted alterations in solubility and bile
acid-binding capacity; however, oxidation levels must be effec-
tively controlled, to obtain good physical and biological properties
(Yoo et al., 2005). So far, no studies have addressed the effect of
oxidation on rheological and functional properties of b-glucans.
The objective of this work was to evaluate the effects of oxida-
tive treatment with hydrogen peroxide on the carbonyl and car-
boxyl group content, swelling power, in-vitro bile acid- and fat-
binding capacities, in-vitro glucose availability, gel texture and vis-
cosity of b-glucan concentrated from oat bran.2. Material and methods
2.1. Material
Oat bran with 12.32% of b-glucan made from cultivar IAC-07,
from Cerealle Indústria e Comércio de Cereais Ltda, Pelotas, Brazil,
was used.2.2. b-Glucan extraction
The b-glucan was extracted from the oat bran using a non-enzy-
matic method. The oat bran was treated with distilled water at
90 C and stirred for 10 min, then fragmented in a blender for
5 min and stirred for another 50 min at 90 C. The mixture was
then centrifuged at 7500 rpm for 20 min; the supernatant was col-
lected to which 96% ethanol was added in 1:1 proportion. The mix-
ture was then kept at 4 C for 24 h for b-glucan precipitation. After
24 h, the b-glucan was dried in an oven with air circulation for 2 h
at 60 C. The dried sample was defatted with hexane, using the
Soxhlet method, and ground in a knife mill.2.3. Oxidation
Oxidation was conducted as described by Dias, Elias, Oliveira,
and Helbig (2007), using hydrogen peroxide (H2O2). The reaction
occurred in a 4-mL capacity glass reactor with temperature and
pH control. The b-glucan (70 g) was dispersed in 2 L of distilled
water at 40 C, and H2O2 was added in three concentrations
(0.3%, 0.6% and 0.9% of H2O2). Reaction times were 30 and
60 min, with FeSO4 used as a catalyst. The pH was maintained at
5.0 with 0.1 N hydrochloric acid and sodium hydroxide solutions.
At the end of the reaction time, 96% ethanol was added in 1:1 pro-
portions to precipitate the b-glucan. It was then dried in an oven
with air circulation at 60 C for 2 h.2.4. Physicochemical and biological properties
2.4.1. Characterisation of b-glucan concentrate
The quantiﬁcation of b-glucan in concentrate was performed
with an enzymatic method (Approved Method 32-23, AACC,
2000) using the BBG Megazyme kit (Megazyme, Bray, Co. Wicklow,
Ireland). The residual protein and ash of b-glucan concentrate was
determined by Methods 46-13 and 08-01 of AACC, respectively,
and the residual carbohydrates were determined by difference.2.4.2. Carbonyl content
The carbonyl content was determined according to the method
described by Smith (1967), with modiﬁcations. A dry sample
(0.5 g) of b-glucan was dispersed in distilled water (100 mL) at
40 C, and the pH was adjusted to 3.2 with 0.1 M HCl. Fifteen mil-
lilitres of hydroxylamine chloride solution was added (the hydrox-
ylamine reagent was prepared by dissolving 25 g of reagent-grade
hydroxylamine chloride in water and adding 100 mL of 0.5 M
NaOH, then adding distilled water to produce a volume of
500 mL). The samples were then covered with plastic ﬁlm, placed
in an oven at 38 C for 4 h and titrated rapidly to pH 3.2 with
0.1 M HCl. The carbonyl content was expressed as the quantity of
carbonyl groups per 100 glucose units (CO/100 GU), as calculated
by Eq. (1):
CO=100 GU ¼ ðVb  VsÞ M  0:028 100
W
ð1Þ
where Vb is the volume of HCl used for the blank (mL), Vs is the
volume of HCl required for the sample (mL), M is the molarity of
HCl, 0.028 is the molecular weight of carbonyl/1000 and W is the
sample weight (d.b.).
2.4.3. Carboxyl content
The carboxyl content was determined according to the method
described by Parovuori, Hamunen, Forssel, Autio, and Poutanen
(1995), with modiﬁcations. A dry sample (0.5 g) of b-glucan was
dispersed in distilled water (150 mL), and the dispersion was
heated at 90 C in a bath with continuous stirring for 30 min. The
samples, still hot, were titrated to pH 8.2 with 0.01 M NaOH. The
carboxyl content was expressed as the quantity of carboxyl groups
per 100 glucose units (COOH/100 GU), as calculated by Eq. (2):
COOH=100 GU ¼ ðVs  VbÞ M  0:045 100
W
ð2Þ
where Vs is the volume of NaOH required for the sample (in mL),
Vb is the volume of NaOH used to test the blank (in mL), M is the
molarity of NaOH, 0.045 is the molecular weight of carboxyl/
1000 and W is the sample weight (d.b.).
2.4.4. Swelling power
The swelling power was determined according to the method
described by Bae, Lee, Kim, and Lee (2009). A mixture of 0.3 g of
sample and 10 mL of distilled water was placed in a shaking water
bath at 70 C for 10 min, then transferred to a boiling water bath.
After boiling for 10 min, the tubes were cooled with tap water
for 5 min and centrifuged at 1700g for 4 min. Swelling power
was expressed as the ratio of wet sediment weight to dry sample
weight.
2.4.5. Fat binding
In-vitro fat-binding capacity was determined according to the
method reported by Lin and Humbert (1974). b-Glucan samples
(0.2 g) were dispersed in soy oil (10 mL), and the mixtures were
placed at room temperature ambient conditions for 1 h and agi-
tated on a vortex mixer every 15 min. After centrifugation at
1600g for 20 min, the supernatant was decanted and the residue
was weighed. The fat absorption was obtained from the amount
of soy oil bound to 1 g of dry sample.
2.4.6. Bile acid binding
The bile acid-binding capacity of b-glucan was determined with
the colorimetric method described by Doubilet (1936). A cholic
acid solution was prepared with 200 mg of cholic acid and
4.7 mL of 0.1 N NaOH, with distilled water added to produce a vol-
ume of 200 mL. Twenty-ﬁve milligrams of b-glucan were placed in
a test tube, and 10 mL of cholic acid solution were added. The mix-
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inge ﬁlter. The resulting solution (1 mL) was treated with 1 mL of
0.9% alcoholic furfural solution and 5 mL 16 N sulphuric acid and
kept in an ice bath for 5 min, followed by 8 min in a 70 C bath,
then 2 more minutes in an ice bath. The absorbance was measured
at 490 nm.2.4.7. Chemical digestion and glucose availability
The digestive chemical experimental model followed that of
Rodriguez et al. (2008), with modiﬁcations. One gram of b-glucan
was added to 50 mL of 0.1 M HCl and stirred for 1 h at pH 1.0–
2.0, 30 rpm and 37 C in water bath model 304/d (Nova Etica, São
Paulo, Brazil) to reproduce the gastric environment. Formed mixes
were taken from an acidic medium to pH 6.8–7.2 with a solution of
15 g/L of NaHCO3. The stirring speed was increased from 30 to
300 rpm, and the temperature was kept at 37 C to reproduce the
duodenal environment. The digestive mimic was then left to rest
for 15 min until two-phase separation took place. Samples taken
from the supernatant were used to determine the glucose concen-
tration, using the glucose-oxidase peroxidase method (kit Glucose
PAP, Liquiform; Labtest Diagnóstica, Minas Gerais, Brazil).2.4.8. Gelation properties
The minimum amount of b-glucan concentrate required to form
a strong gel was determined by the method described by Sathe and
Salunke (1981), with modiﬁcations. b-Glucan concentrate disper-
sions at different levels (3%, 6%, 9% and 12%) were added to
10 mL of 20 mM phosphate buffer (pH 7.0) in test tubes. The tubes
with the dispersions were heated at 90 C for 1 h, then cooled rap-
idly and kept in a refrigerator at 4 C for 2 h. The tubes were then
inverted to determine which b-glucan concentrate amounts
formed a ﬁrm gel; i.e., those that did not fall out of or slip down
the walls of the tube when it was inverted.2.4.9. Gel texture
The gel textures were determined in a texture analyser (TA.XT
plus, Stable Micro Systems, Goldaming, UK). The gels were pre-
pared to a 12% concentration with 20 mM phosphate buffer (pH
7.0) in metal tubes with 37-mm diameter and a 65-mm height.
The sample was pre-heated at 40 C for 3 min, then transferred
to a 90 C bath for 30 min and cooled rapidly. The gels were com-
pressed to 50% of their height, using a cylindrical probe with a 20-
mm diameter (P/20) at 1 mm/s velocity at room temperature. The
hardness, adhesiveness, cohesiveness and gumminess were
evaluated.Table 1







H2O2 (%) Time (min) (CO/100 GU) (COOH/100 GU) (CO + COOH)
Native 0.180 ± 0.030c 0.168 ± 0.046d 0.348c
0.3 30 0.863 ± 0.061b 0.342 ± 0.042c 1.205b
0.6 30 0.796 ± 0.184b 0.429 ± 0.051bc 1.225b2.4.10. Viscosity
Apparent viscosity was measured with a rheometer (RS 150,
Haake; Thermo, WalthamMA) using a concentric coaxial cylinder
DG41 with 5-mm rift geometry. The b-glucan samples were pre-
pared as described by Bae et al. (2009). The samples were sus-
pended in distilled water (30 mg/mL), heated to 80 C and stirred
for 3 h. After 48 h at 4 C, the resulting suspensions were loaded
on a rheometer with controlled tension, in linear mode, with a
shear rate from 0.1 to 100 s1 at 25 C.0.9 30 2.833 ± 0.105a 0.541 ± 0.048ab 3.374a
0.3 60 1.151 ± 0.067b 0.526 ± 0.007ab 1.677b
0.6 60 2.680 ± 0.030a 0.499 ± 0.027ab 3.179a
0.9 60 2.773 ± 0.266a 0.574 ± 0.075a 3.347a
a Means ± SD. Different letters in the same column (a, b, c, d) indicate signiﬁcant
differences among samples at the p < 0.05 level, determined with Tukey’s test.2.4.11. Statistical analysis
The analysis were tested in triplicate and the results were sub-
jected to analysis of variance, followed by Tukey’s test, with
p < 0.05 set as the level of signiﬁcance.3. Results and discussion
3.1. Characterisation of b-glucan concentrate, carbonyl and carboxyl
contents
The b-glucan concentrate from oat bran contained 32.2% of dry
b-glucan, 8.55% of residual protein, 1.5% of residual ash and 57.45%
of residual carbohydrates. The carbonyl and carboxyl contents and
the sum (carbonyl + carboxyl) of samples after oxidative treatment
are presented in Table 1. The highest carbonyl values were found in
the treatments with higher hydrogen peroxide concentrations and
reaction times: 0.9% of H2O2/30 min, 0.6 and 0.9% of H2O2/60 min.
The b-glucans oxidised with hydrogen peroxide for 60 min pre-
sented higher carboxyl contents than native b-glucan and b-glu-
cans oxidised for 30 min. The treatments with 0.9% of H2O2/30
min and 0.6 and 0.9% of H2O2/60 min presented the highest sums
of carbonyl and carboxyl contents (Table 1). Wang and Wang
(2003) reported that the carbonyl and carboxyl groups in corn
starch increased with the increased intensity of the oxidative treat-
ment. These results indicated that hydrogen peroxide promoted
alterations in the structure of b-glucan similar to those that occur
in other polymers, such as chitosan and starch, which can break the
glycosidic linkages (Qin, Du, & Xiao, 2002).
3.2. Swelling power, glucose availability and fat- and bile acid-binding
capacities
The swelling power, glucose availability after chemical diges-
tion and fat- and bile acid-binding capacities of native b-glucan
and b-glucan oxidised with hydrogen peroxide are presented in
Table 2.
The native b-glucan had 14.5 g/g of swelling power, similar to
reports by Bae et al. (2009), who found a swelling power of
15.12 g/g for native b-glucan concentrate containing 43% b-glucan.
The swelling power of b-glucan increased in treatments with 0.3%
and 0.6% of H2O2/30 min, with the highest value (18.94 g/g) for the
treatment with 0.3% of H2O2/30 min. However, in the treatment
with 0.9% of H2O2/30 min and in all treatments with 60 min of
reaction, the swelling power was decreased (Table 2), indicating
more breakages of glycosidic links and thus lower water retention
capacity. In starches, low-intensity oxidative treatment can in-
crease swelling power because the depolymerisation of molecules
is not very intense (Kuakpetoon &Wang, 2008). However, more in-
tense treatment can cause structural disintegration and reduce
swelling power (Sandhu, Kaur, Singh, & Lim, 2008). Bae et al.
(2009) also veriﬁed a reduction of swelling power in b-glucan from
oats when the molecule was partially hydrolysed with the enzyme
cellulase, resulting in different molecular weight.
The glucose availability was determined, to evaluate the sus-
ceptibility of b-glucan to chemical action after oxidative treatment,
Table 2
The swelling power, glucose availability and fat- and bile acid-binding capacities of native b-glucan and b-glucan oxidised with hydrogen peroxide.
Treatment a Swelling power Glucose availability Fat binding Bile acid binding
H2O2 (%) Time (min) (g/g sample) (mg/dL) (g oil/g sample) (%)
Native 14.05cd 4.09d 4.12a 11.33c
0.3 30 18.94a 10.63c 3.81a 11.29c
0.6 30 16.84b 25.38b 4.24a 14.74ab
0.9 30 10.73e 52.73a 3.77a 16.05a
0.3 60 15.57bc 13.41c 3.99a 13.16bc
0.6 60 14.39c 51.15a 3.89a 14.78ab
0.9 60 12.39de 50.62a 3.98a 14.36ab
a Different letters in the same column (a, b, c, d, e) indicate signiﬁcant differences among samples at the p < 0.05 level, determined with
Tukey’s test.
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the oxidative treatment. This increase was most obvious in the
treatment with 0.9% of H2O2/30 min, 0.6% and 0.9% of H2O2/60
min, with values up to 10 times higher than those of native b-glu-
can (4.09 mg/dL in native b-glucan versus 52.73 mg/dL in b-glucan
treated with 0.9% of H2O2/30 min; Table 2). This behaviour is prob-
ably due to the depolymerisation of the molecule caused by the ac-
tion of hydrogen peroxide, similar to what occurs in other
polysaccharides, such as starch, alginate and chitosan (Li et al.,
2010; Sangseethong, Termvejsayanon, & Sriroth, 2010; Tian et al.,
2004).
Part of that increase can also be a function of depolymerisation
of residual starch in the b-glucan concentrate. Depolymerisation
increases the carbohydrate molecule’s susceptibility to chemical
action, which can increase the postprandial blood glucose. More-
over, the increase in available glucose after chemical digestion
indicates that oxidised b-glucan is more susceptible to stomach
acids, and this degradation of the molecule can decrease biological
activity in the intestines.
The oxidative treatment did not affect the fat binding of b-glu-
can, with 3.97 g oil/g sample of fat binding found among the treat-
ments (Table 2). The in-vitro studies of Bae et al. (2009), using
hydrolysed b-glucan from oats with different molecular weights,
found that the fat-binding values varied between 3.9 and 11.4 g
oil/g sample, with 3.9 g oil/g sample found in unhydrolysed b-
glucan.
Bile acid is synthesised from cholesterol in the liver. b-Glucan
can bind bile acid in the intestine, thus increasing faecal bile acid
excretion and tending to lower cholesterol in the blood (Bae
et al., 2009). Oxidative treatment with hydrogen peroxide in-
creased the bile acid-binding of the b-glucan. Bile acid binding ran-
ged from 11.33% in native b-glucan to 16.06% in the treatment with
0.9% of H2O2/30 min, with the exception of the treatment with less
oxidative intensity (0.3% of H2O2/30 min), which exhibited 11.29%
of bile acid binding (Table 2). Bae et al. (2009), in a study of b-glu-
can concentrates from oats of 43% purity, found 13.1% bile acid
binding in native b-glucan; however, after hydrolysis, the bile acid
binding ranged between 6.4% and 26.5%. According to these
authors, several factors inﬂuence the bile acid binding of b-glucan,Table 3
The texture proﬁle of native b-glucan and b-glucan oxidised with hydroge
Treatmentsa Hardness Adhesiveness
H2O2 (%) Time (min) (g) (g s1)
Native 301a 1010b
0.3 30 333a 1119a
0.6 30 311a 1040ab
0.9 30 129c 512d
0.3 60 253b 887c
0.6 60 155c 543d
0.9 60 166c 476d
a Different letters in the same column (a, b, c, d) indicate signiﬁcant diffe
test.such as structural and physicochemical properties and molecular
weight. Yao, White, Jannink, and Alavi (2008) in a study with ex-
truded oat cereals, processed from two oat lines with b-glucan con-
centrations of 8.7 and 4.9%, suggest the importance of considering
not only the absolute amount of b-glucan intake but also the vis-
cosity caused by the b-glucan in the food consumed, when evalu-
ating the impact on bile acid binding.
3.3. Gel texture
The minimum amount of b-glucan concentrate necessary to
form a strong gel (i.e., one that did not fall out or slip down the
sides inverted test tubes) was 12%. This amount of b-glucan con-
centrate was considered appropriate for the gel texture tests. The
hardness, adhesiveness, cohesiveness and gumminess were inves-
tigated in gels from native b-glucan and b-glucan oxidised with
hydrogen peroxide (Table 3). Hardness indicates the gel ﬁrmness
and can be also related to gel concentration (Lau, Tang, & Paulson,
2000). Adhesiveness indicates the effort required to remove the
probe from the gel sample after compression, which is a combina-
tion of cohesive and adhesive force (Huang, Kennedy, Li, Xu, & Xie,
2007). Cohesiveness is the degree of difﬁculty involved in breaking
the gel’s internal structure (Lau et al., 2000), and gumminess is the
force required to disintegrate the material (Kalviainen, Roininen, &
Tuorila, 2000).
The native b-glucan gel had a hardness similar those of the oxi-
dised b-glucan with 0.3 and 0.6% of H2O2/30 min. The lower hard-
ness values were found in more intense oxidative treatments (0.9%
of H2O2/30 min and 0.6 and 0.9% of H2O2/60 min). The adhesive-
ness and gumminess parameters of b-glucan gels also decreased
with increased intensity of oxidative treatment; however, gel
cohesiveness showed no signiﬁcant differences between native
and oxidised b-glucans (Table 3). According to Huang et al.
(2007) the addition of gellan, carrageenan, and glucomannan to
starches altered the texture parameters; however, the high ratio
of the adhesiveness/hardness was maintained at certain concentra-
tions. According to these authors, high ratio of the adhesiveness/
hardness improved the texture of rice starch. In the gels of b-glu-










rences among samples at the p < 0.05 level, determined with Tukey’s
Fig. 1. The viscosity of a 3% gel of native b-glucan and b-glucan oxidised with
hydrogen peroxide.
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higher in the treatment with 0.9% of H2O2/30 min and lower in
the treatment with 0.9% of H2O2/60 min (Table 3).
3.4. Viscosity
The b-glucan gels showed shear-thinning behaviour typical of
polysaccharides (Fig. 1). The viscosity dropped rapidly at low shear
rates and levelled off to a plateau, the value of which varied with
the concentration (Johansson et al., 2006). The viscosity of oxidised
b-glucan samples was lower in the more-intense treatments (0.9%
of H2O2/30 min and 0.6 and 0.9% of H2O2/60 min) (Fig. 1). The same
behaviour was observed in cases of chemical or enzymatic hydro-
lysis of the b-glucan molecule, and the ﬁnal viscosity of the gel de-
creased with increased enzyme concentration, chemical reagent
use and/or reaction time, due to the depolymerisation of the mol-
ecule (Bae et al., 2009; Johansson et al., 2006).
Kivelä, Gates, and Sontag-Strohm (2009) mention that degrada-
tion of cereal b-glucan is usually attributed to enzymes or acid
hydrolysis. However, there is evidence that polysaccharides are
also susceptible to OH-radical induced depolymerisation and loss
of viscosity, and that these radicals can be produced in cereal food
systems. According to these authors, the catalytic nature of re-
duced metals, such as Fe2+, Cu+, and Zn+, can produce aggressive
OH-radicals from the modestly reactive H2O2.
4. Conclusions
In this study, b-glucan from oats was prepared with hydrogen
peroxide, which altered the characteristics of the b-glucan. The oxi-
dised b-glucan molecules altered their swelling power and in-
creased the bile acid-binding capacities of the ﬁbre, which
suggests an increased efﬁciency in cholesterol blood reduction.
However, the b-glucan became more susceptible to chemical
digestion, which degrades ﬁbre and consequently alters its biolog-
ical properties. The oxidative treatment decreased the hardness,
adhesiveness and gumminess of the gel, as well as the viscosity
of the gel. More studies are necessary to determine the effect of
the oxidative treatment of b-glucan on its technological properties,
such as its stability and functionality in food products, and to con-
duct in-vivo studies on its biological properties.
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